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Direct detection of hydrocarbon using powerful electromagnetic (EM) source in 
seabed logging (SBL) application has remained a challenge because the size of recent 
transmitter is too huge. Thus, a new web like hexagon shaped transmitter is proposed 
as a new invention, this is due to its abilities in concentrating the EM field on its 
centre and minimizing the size of transmitter. Hexagon shape is the best design in 
terms of radiation power with 579.86% compared to the dipole transmitter by using 
Applied Wave Research (AWR) software. From Computer Simulation Technology 
(CST) software, web like hexagon shape with 20 turns shows the 215.85% increasing 
of electric field compared to 5 turns. Combination of EM transmitter with 
Ni0.8Zn0.2Fe2O4 toroid could enhance the EM field at the transmitter. Hence, web like 
hexagon shaped transmitter was constructed by using copper wire in diameter of 0.08 
cm with 20 turns and comparison of magnetic field with and without magnetic feeder 
were conducted. Ni0.8Zn0.2Fe2O4 nanoparticles were successfully synthesized using 
self combustion technique. The samples were then sintered at 800 0C, 900 0C and 
1200 0C for 4 hours respectively. All sintered samples exhibited single phase 
Ni0.8Zn0.2Fe2O4 that was confirmed by the [311] plane as the major plane as revealed 
by XRD results. The calculated average crystallites sizes for these three samples were 
in the range of 20 – 50 nm determined using Scherer equations. Agilent LCR 
Impedance Analyzer Meter was used to determine the magnetic properties of 
Ni0.8Zn0.2Fe2O4 toroids which involved the measurements of initial permeability Q-
factor and relative loss factor (RLF). Finally, magnetic field of web like hexagon 
shaped transmitter had increased by 1228.21 % at further offset by placing 








Pengesanan hidrokarbon dengan menggunakan sumber gelombang electromagnet 
yang berkuasa tinggi untuk aplikasi seabed logging (SBL) masih menjadi suatu 
cabaran. Oleh itu, suatu pemancar sesawang berbentuk heksagon diusulkan sebagai 
rekabentuk yang baru di mana ia berupaya untuk menumpukan medan electromagnet 
di pusatnya kerana saiz sumber electromagnet pada masa kini terlalu besar. Dengan 
menggunakan perisian Applied Wave Research (AWR), bentuk heksagon telah dipilih  
berdasarkan kekuatan radiasi yang dipancarkan lebih tinggi sebanyak 579.86% 
bebanding dengan pemancar dipole. Berdasarkan perisian Computer Simulation 
Technology (CST), pemancar sesawang berbentuk heksagon dengan 20 dan 70 lilitan 
menghasilkan kekuatan medan elektrik yang lebih tinggi sebanyak 215.85% 
berbanding dengan 5 lilitan. Kombinasi pemancar elektomagnet dengan toroid ferit 
nikel zink,  Ni0.8Zn0.2Fe2O4 berupaya untuk menambahbaik medan electromagnet 
yang dihasilkan oleh pemancar. Oleh yang demikian, pemancar sesawang berbentuk 
heksagon telah dibina dengan menggunakan 20 lilitan wayar tembaga berdiameter 
0.08cm. Perbandingan di antara medan magnet yang dihasilkan oleh pemancar dengan 
dan tanpa menggunakan suapan magnet telah dijalankan. Zarah-zarah nano ferit nikel 
zink Ni0.8Zn0.2Fe2O4 telah berjaya disintesiskan dengan menggunakan teknik self 
combustion. Sampel telah dipijarkan pada suhu 800 0C, 900 0C dan 1200 0C  selama 4 
jam. Kesemua sampel menunjukkan fasa tunggal ferit nikel zink Ni0.8Zn0.2Fe2O4 telah 
disahkan dengan kehadiran satah utama [311] daripada keputusan analisis XRD. 
Dengan menggunakan persamaan Scherer, purata saiz kristal bagi ketiga-tiga sampel 






Sifat kemagnetan bagi ferit nikel zink Ni0.8Zn0.2Fe2O4 telah diukur dengan 
menggunakan alat LCR yang melibatkan pengukuran ketelapan awal, factor-Q dan 
factor kerugian relatif. Kesimpulannya, medan magnet yang dihasilkan oleh pemancar 
seswang berbentuk heksagon telah menunjukkan peningkatan sebanyak 1228.21% 
pada ofset yang lebih jauh dengan menempatkan suapan magnet ferit nikel zink 
Ni0.8Zn0.2Fe2O4 di pemancar. 
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CHAPTER 1 
INTRODUCTION 
1.1    Introduction 
Petroleum exploration is the frontier stage of petroleum upstream process. Currently, 
time and cost are the vital aspects for oil companies to take in their operation 
accountability. With the world’s demand of petroleum sources increasing drastically, 
more oil fields have been explored. Therefore, a new exploration technology needs a 
major development to detect the formation of hydrocarbon efficiently.  
 
The present technologies in detecting hydrocarbon in sea water are seismic method 
and Seabed Logging (SBL).  First technology of oil and gas exploration in an ocean is 
called seismic method. This method employs acoustic wave to discover the 
hydrocarbon. Acoustic waves will propagate sound energy and reflect back from the 
seabed with different types of rock formation. The reflection is measured in terms of 
the time taken for the sound waves to move from the acoustic source to a recording 
device such as geophone. By measuring the reflective sound, it will gain information 
of the possibility of the existence of oil and gas reserves beneath the sea floor [1].  
 
There is a limited ability to differentiate hydrocarbon layers and other formation of 
liquid beneath the earth by using seismic method. Due to this SBL was introduced. 
SBL is a method that utilizes electromagnetic signals to detect hydrocarbons before 
drilling in offshore basins. In conclusion, seismic surveying is based on sound waves 
and an advanced method of defining structures and identifying possible reservoirs 
whereas SBL is based on electromagnetic waves that can determine whether the 





The basic system of the SBL method is formed by an electromagnetic (EM) 
transmitter which emits EM waves and EM wave receiver receives the EM signal 
(refer to Figure 1). EM wave is transmitted to the ground and propagates between 
hydrocarbon bearing and reflects to the EM wave detector located on the seabed. The 
EM receivers measure the low frequency electrical field generated by the transmitter 
in different positions [3]. Water is a conducting medium and easily transports EM 
waves. Oil acts as an insulator which is a large resistive layer that enables EM waves 
to be guided back from the layer to sea floor detected by receivers. Detection of 
hydrocarbon is mainly the measurement of resistivity perhaps 10-100 times greater 
beneath the ground [4]. With this mapping, determination of a hydrocarbon or non-
hydrocarbon formation is more accurate than using the seismic method which 
provides only formation’s anomaly [5].   
 
Currently, oil and gas companies use dipole transmitter as their source system to 
radiate the electromagnetic waves to the seabed. The source is transmitting waves at 
low frequency and has high current for conducting marine controlled source 
electromagnetic (CSEM) surveys in a variety of offshore setting. Transmission 
parameters are controlled from the vessel on real time basis and the transmission 
characteristics are logged throughout the survey using telemetry communication 





Figure 1    : Transmitter and receiver located over the examined sea bottom area
1.2    Problem Statement and Solution
As mentioned earlier, detection of hydrocarbon by using powerful electromagnetic 
(EM) source in seabed logging (SBL) application has remained a challenge. One of
the main constrains in controlled source EM survey is to propagate a powerful EM 
wave below the seabed to the hydrocarbon bearing. This is because the length of 
current transmitter is tremendous and occupies most of the space on the vessel. It also 
needs very high current to operate efficiently and this leads to a non
operational cost. This work premise deals with designing a powerful EM transmitter 
with magnetic feeder as an EM field booster to the transmitter.
 
A web-like hexagon shaped transm







itter has been chosen based on its ability to have a 
 
 






1.3    Aim and Objectives 
The aim of this project is to develop a powerful EM transmitter which potentially can 
be used for exploration by conducting the following: 
 
1) investigate and simulate different types of transmitters by using Applied Wave 
Research (AWR) software and Computer Simulation Technology (CST) 
software. 
2) design and fabricate a prototype of web-like hexagon shaped transmitter. 
3) synthesis and characterize Ni-Zn based ferrites by self combustion method as 
magnetic feeder and to develop with web-like hexagon shape EM transmitter. 
4) test the web-like hexagon shape EM transmitter with magnetic feeder in a 
scaled resistivity tank. (scale tank : a tank containing salt water to test the EM 
transmitter). 
1.4    Scope of work 
The scope of work of this thesis is to design, develop and test the web-like hexagon 
shape EM transmitter that shall potentially be used for SBL. 
1.5    Overview of the Thesis 
This thesis is organized as follows.  
Chapter 1 is a brief introduction of hydrocarbon exploration consists of seismic 
method and SBL as used as a new technology. The advantages and disadvantages of 
these methods are also mentions in this chapter. SBL has a basic system formed by 
EM transmitter and EM receiver. However, this project basically focuses on the 
development of a powerful EM transmitter. Therefore, the gist of this chapter such as 
problem statement, solution, aim, objectives and scope of work will be discussed 




Chapter 2 discusses on the literature review of SBL, electromagnetic wave, antenna, 
nanotechnology and some equations that are related to this thesis. Many researchers 
working on the SBL method to find hydrocarbon which uses basic of electromagnetic 
as their principle. This thesis is more focused on ferrite materials for nanotechnology 
to enhance the power of the transmitter. There is also a basic equation being used for 
the electromagnetic wave such as Maxwell’s equation. 
 
Chapter 3 describes the design procedure of the simulation, synthesis of nickel zinc 
ferrite, fabrication of transmitter and magnetic feeder. The simulation part is divided 
into 2 parts, Applied Wave Researchers (AWR) and Computer Simulation 
Technology (CST) software to identify the characteristics of the transmitter. As for 
the materials, nickel zinc ferrite is synthesized and also fabricated it to form into 
toroid shape to function as a magnetic feeder. Then, the transmitter is fabricated and is 
used to run the experiment. By placing the magnetic feeder on the transmitter, 
whatever enhancement that takes place will be noted. 
 
Chapter 4 analyses and discusses the results obtained from Chapter 3. This chapter is 
the important part to discuss and make sure all the theory and review is applied. 
Finally, Chapter 5 contains conclusions and directions of future research as well as 
some recommendation for future work. 
1.6    Conclusion 
This chapter is the overview of methods that will be used for this project. The main 
topics such as problem statement, objectives and the scope of this project are being 
discussed to give information and motivation as to why this project is being 





LITERATURE REVIEW AND THEORY 
2.1    Introduction 
This chapter is divided into two parts, literature review and theory. Literature review 
basically discusses on the previous project or journal that is similar with this project 
especially on the SBL method and the nanotechnology part. For theory, basic of 
electromagnetic wave is applied to conduct this project. 
2.2    Literature review 
There are many similar projects that can be obtained through the internet, reports or 
published papers carried out by other researchers who are inspired by the seabed 
logging technique, development of antenna and characterization of magnetic 
materials. This chapter reviews research and several works done on hydrocarbon 
exploration and the materials used as the magnetic feeders. 
2.2.1    Seismic Method 
Seismic method is the same as geophysical method that uses acoustic wave for oil and 
gas exploration. Sound energy will come from acoustic wave that involves a ship 
towing an airgun as a transmitter and released near the ocean. Acoustic wave will be 
reflected back from the seabed at different levels by different types of rock formation. 
On the Atlantic Frontier, seismic vessels using up to eight streamers of around five 
kilometers long are towed at a depth of approximately 5m beneath the surface [8]. 
From Figure 2, a research vessel, equipped with navigation devices (GPS, 





hydrophone [9]. The outgoing and reflected energy is depicted by three rays and it 
will be the reflection that utilizes a process of imparting sound energy to the sea floor 
and underlying substrate. Energy is reflected from those surfaces and is received by 
hydrophones at the sea surface. 
 
 
Figure 2    :  Elements of marine seismic reflection [10]. 
2.2.2    Introduction of SeaBed Logging (SBL) 
SBL is an application of control source electromagnetic method to detect hydrocarbon 
below the seafloor by using electromagnetic (EM) waves [11, 12].  Development of 
SBL method was in 1997 by Statoil ASA, which used electromagnetic waves in 
down-hole tools to investigate reservoir properties. Its Norwegian Geotechnical 
Institute that participated in the survey had gathered information about a strong 
magnetic source that triggered the idea of possible hydrocarbon indicator [13]. 
Nowadays, SBL principles rely on two important indicators - a powerful transmitter 
and a sensitive receiver. There are many different types of transmitters available, such 
as the vertical electrical dipole (VED), horizontal electric dipole in line (HED-R) and 




horizontal hydrocarbon layer. It was reported in Figure 3 that seawater (0.3 ohm-m) 
with the depth is 2000 m, the target which (an oil layer, 50 ohm-m) is at 1000m below 
the seabed and has 50m thickness with overburden that has the resistivity of 1 ohm-m 
[14]. The transmitter was placed at 50m above the seabed by using 1 kHz for the 
frequency and the receivers array was placed on the seabed. As a result, the VED, 
HED-R (in-line) and HMD-P (cross line) were sensitive in detecting the target while 
the vertical magnetic dipole (VMD), horizontal electric dipole cross line (HED-P), 
horizontal magnetic dipole in line (HMD-R) were not sensitive in detecting the target.  
 
 
Figure 3    : A SeaBed Logging model [14]. 
The EM source has been reported as an active source which gives a direct 
hydrocarbon indication through its sensitivity to the difference of the layer in the 
seabed [15, 16, 17]. Results from these reports [18, 19], by using this active source 
from the EM, it is able to detect the presence of hydrocarbons within a reservoir, and 
will be able to locate accurately the hydrocarbon’s lateral extent through the use of 
data derivatives. Detection of subsurface hydrocarbons by an active source 
electromagnetic (EM) sounding application, termed seabed logging (SBL), has 
recently shown very promising results, but has until now not been fully demonstrated 




terms of polarization of the EM’s propagation. By using HED transmitter, it may 
induce up to 170% increased subsurface returned signals above the gas accumulation 
[21]. At the same time, electric fields measured at the seafloor by a receiving dipole at 
a suitable horizontal range are dominated by the components of the source fields that 
have followed diffusions paths through the seabed [22]. 
 
CSEM survey is a method to detect hydrocarbon through the used of EM signal into 
map of resistive structures beneath the seabed. This technique is based on transmitting 
low frequency EM field from a source such as dipole antenna towed above the 
seabed. Signals from the dipole antenna are detected and logged by an array of 
receivers at the seabed. The signals variation of source or receivers geometry enables 
the resistivity of the sub-sea formations to be determined and mapped [23]. On the 
other side, this technique shall provide a reliable identification of the presence of thin 
resistive layers at the target depths on which hydrocarbon reservoirs should be 
expected. The method relies on the large resistivity contrast between hydrocarbon 
saturated reservoirs, and the surrounding sedimentary layers saturated with aqueous 
saline fluids [24, 25].The source system that uses low-frequency and high-current 
electromagnetic transmitter is used for conducting marine CSEM surveys in a variety 
of offshore settings as deep as 3,000 meters. The source transmits electrical current 
(refer Figure 4) by means of a horizontal electric dipole, towed along a prescribed 
path at a nominal speed of 1.5 to 2.0 knots and at an altitude of approximately 50 






Figure 4    : CSEM survey equipment layout [26] 
Magnitude versus offset (MVO) or source receiver distance currently used for oil and 
gas companies to do their survey to discover hydrocarbon [27, 28, 29]. Some 
researchers have done some survey called as Troll Field which is located at the north-
eastern part of the North Sea. The field may be roughly divided into three parts; the 
Oil Province, the Western Gas Province and the Eastern Gas Province [27]. This 
survey was recorded for electric and magnetic field from a receiver data before all 
these result were processed in a frequency domain. The electric and magnetic MVO 
responses are significantly different. This indicates a potential for extracting increased 
information about subsurface resistivity variations from combined measurements and 







2.2.3    Nanomagnetic materials 
Nanotechnology is the engineering of multifunctional systems at molecular systems 
and deals with structures at the size 100 nanometer or smaller. The appeal in certain 
approach lies in fact that the structures, physical, chemical, electronic and properties 
of nanometer-dimensioned materials [30]. For example, ferrites are widely used for 
electronic devices and catalysis properties. There were some composite based on 
ferrite that were successfully synthesis as a nanoparticles with different type of 
structure such as nanorod and nanosphere [31]. 
 
Currently, ferrite materials have more advantages and importance in research 
especially on nanotechnology for different applications such as waveguides, isolators, 
inductors, phase shifters and electromagnetic components. However, ferrites have 
different sizes. A grain sized ferrite limits for certain frequency range due to their 
domain wall resonance. There are so many researchers who tried to overcome this 
problem by using nano ferrite materials that can be used for high frequency 
applications. It will be remains the behavior of ferrite materials with nanoscale size 
especially for magnetic properties. For example, it has high permeability, high 
saturation magnetization, low coercivity, and low loss factor due to small particle 







Figure 5    : Ferrites with body centered cubic (BCC) structures [36]. 
Ferrite as shown in Figure 5 is a class of chemical compounds with the formula 
AB2O4, where A and B represent various metal cations. These ferrite structures with 
body centered cubic which consists of tetrahedral and octahedral sites. There are 64 
tetrahedral sites and 32 octahedral sites in the unit cell, which only 8 tetrahedral sites 
and 16 octahedral sites are occupied. It may be resulted that the structure is 
electrically neutral [37]. Ferrite is used as a magnetic feeder to enhance and excite the 
power by placing at the transmitter [38]. These applications of using ferrite ring 
feeders discussed only cover the frequency band from 1 Hz to 200MHz range. There 
are some advantages of using ferrite rings for seabed logging antenna (frequency 
range for these applications 0.1-5Hz) and will be discussed later. High permeability 
ferrite material is essential for making magnetic antennas working at that frequency 
range. Quality of ferrite core such as input impedance of the ferrite core, higher Q 
value can give higher efficiency to the power delivered to the antenna current and the 





There are so many methods to synthesis ferrite materials which consist of two main 
preparations – the conventional and nonconventional methods. The conventional 
method (solid state reaction method) involves the reactions of oxide and being heated 
with the high temperatures. The other method is the non conventional methods (wet 
chemical method). This method is producing the powder with the preferable methods 
such as sol gel, self combustion, hydrothermal and co-precipitation. The advantages 
of using this method compared to the conventional methods are the materials are of 
high purity, high homogeneity, and more uniformed and in small particle size [40]. 
Nickel zinc ferrites are considered as one of the most versatile soft ferrites because of 
their high permeability, high resistivity, low eddy current losses and high 
magnetization [41, 42, 43, 44]. Most applications require sintered ferrites produced 
from ferrite powders by ceramic technologies. In processing terms ferrite powders of 
well-defined composition and narrow particle size distribution are preferred. For the 
optimization of the antenna strength, Ni0.8Zn0.2Fe2O4 as a magnetic feeder can be 
added to the antenna design. There are few methods to produce highly crystalline and 
uniformly disperse magnetic nanoparticles such as sol gel method, co-precipitation 
method, reverse micelle synthesis, hydrothermal processing and intensive ball milling 
[44, 45, 46, 47, 48]. However, these synthesis procedures cannot be applied in a large 
scale because of non economical factors such as expensive reagents, complicated 
synthetic steps, high reaction temperature and longer time. Magnetic properties 
especially for permeability are increased as the temperature increases. It is confirmed 
by mono domain fine grain nickel zinc ferrite, as the hysteresis loss decreases at 
higher frequency [49]. Other researchers lead the innovation with the microwave 
permeability and permittivity of the composite by cavity perturbation technique and 
also fabricate the nickel zinc-epoxy thick film composite [50, 51]. Permittivity and 
permeability is inversely proportional to the ferrite content and frequency which is 
permeability of the composite decreased with ferrite content and frequency. Then, 
nickel zinc ferrite was prepared by conventional method and  observed inverse 
relation of dielectric constant and loss factor with respect to frequency and direct 





2.3    Theory 
Electromagnetic field is the study of electric and magnetic phenomena caused by 
stationary electric charges or by moving electric charges. This wave contains of 
electric and magnetic field, both are perpendicular to each other. All electromagnetic 
radiation has fundamental properties and behaves in predictable ways according to the 
basics of wave theory [53]. Figure 6 shows the electromagnetic radiation consists of 
an electrical field and magnetic field which both fields travels at the speed of light. 
The electric field is perpendicular to the travel radiation and magnetic field oriented at 
right angle to the electric field. 
 
Figure 6    : Electromagnetic wave for electric and magnetic field [54]. 
Wavelength and frequency are two characteristics of EM radiation that are important 
in antenna properties. The relation between wavelength and frequency is given as : 
 
    =                                      (1) 
Where: 
v = velocity (ms-1). 
f = frequency of transmitter or receiver EM wave (Hz). 




2.3.1    Maxwell’s Law 
Maxwell's equations are the fundamentals of electricity and magnetism. From them 
one can develop most of the working relationships in the field. Because of their 
concise statement, they embody a high level of mathematical sophistication and are 
therefore not generally introduced in an introductory treatment of the subject, except 
perhaps as summary relationships. The first is Faraday’s law of induction; the second 
is Ampere’s law as amended by Maxwell to include the displacement current as 
∂D/∂t, the third and fourth are Gauss’ laws for the electric and magnetic fields 
respectively. The displacement current term ∂D/∂t in Ampere’s law is essential in 
predicting the existence of propagating electromagnetic waves [55].  
 
  ∇   =  − 

                                                   (2) 
    ∇   =  +  

                                                (3) 
         ∇ .  =                                                              (4) 
       ∇ .  = 0                                                                   (5) 
 
The quantities of E and H are the electric and magnetic field intensities respectively 
and are measured in units of [volt/m] and [ampere/m], respectively. The quantities D 
and B are the electric and magnetic flux densities and are in units of [coulomb/m2] 
and [weber/m2], or [tesla] respectively. B is also called as magnetic induction. The 
quantities ρ and J are the volume charge density and electric current density (charge 
flux) of any external charges (that is, not including any induced polarization charges 
and currents). They are measured in units of [coulomb/m3] and [ampere/m2]. The 
right-hand side of the fourth equation is zero because there are no magnetic monopole 







When we consider the EM wave propagation through any media, then regions of 
interest are free of charge and linear isotropic materials will be assumed with 
constitutive relations: 
                       =                                         (6) 
                      =                                       (7) 
                                                         =                                                                   (8) 
Where : 
ε = permittivity of the medium (F/m). 
µ = permeability of the medium (H/m). 
   = conductivity of the medium (S/m). 
 
                                      =   ∗                                (9) 
              =   ∗                                  (10) 
 
Where : 
        = 8.854 x 10-12 F/m (permittivity for free space). 
   = 3.979 x 10-9 H/m (permeability for free space). 
 
EM wave equations are related to four Maxwell’s equations (2-5) in time varying 
(AC) fields: 
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By using the constitutive relations (6
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Where  is called propagation
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Where  is called as attenuation constant and 
17 is rearranged in terms of 
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-7), E and H satisfy vector wave equation:
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 constant, which also called wave number,
− $ =  '$ −  ($ +  2'(                                         
 
 is called as phase constant. Equation 
α and β becomes : 
' =  *+,$ -./ 01,2 + 1 +  14                                           
( =  *+,$ -./ 01,2 + 1 +  14                                           
# =  5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The impedance of the good conducting media is   ≫   , , so intrinsic impedance 
for good conducting media will be, 
                          ; =  <=>? =  .  81+! 0781,! =  81+@                                                     (22) 
                 ; =  *  ABC!DE67/ABFD 2G  ≈  .81+0              (  since  ≫  ) 
                                        ; = 1 I. 1+!0 J KALM =  . 1+!0 < 45°                                    (23) 
 
Ex and Hy are not in phase, the phase angle between Ex and Hy in good conductor is 45°. The wave equation in good conducting media will be: 
 
                             R =  R   S, U! =  R9VW K8 19 XW! YZ[                                        (24) 
                          \ =  \  S, U! =  ]<=^|`| a K9bWK8 19 XW9 c/e! Yf[                            (25) 
 
For good conducting media E and H waves are attenuated due to the factor K9bWwhen 
the wave propagates along z direction. After derivation, we can get the equation for 
phase velocity (v), wavelength (λ) and skin depth (g). Skin depth or depth of 
penetration is the distance in which amplitude reduces to attenuation by a factor (1/e) 
from its original value [53]. 
 
                                =  1X =  1./BCDh 2 =   E.
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The decay of electromagnetic fields in a medium is governed by both the resistivity of 
the medium and the frequency of the signal. The electromagnetic skin depth defines 
the distance over which the amplitude of an electromagnetic field decays by a factor 
1/e and the phase of the signal is shifted in radians as shown in formula 29 [55]: 
 
 gk  =  .$l1+  ≈ 500 .li                           (29)  
  
Where: 
g = skin depth(metre) 
  = resistivity of the homogeneous medium 
 = angular frequency of the signal  
 µ = magnetic permeability 
 
This expression is derived with wave equations and gives guidance to the attenuation 
of dipole transmitter. The diffusive nature of the fields means that sharp boundaries 
and anomalies with a scale length less than a skin depth are not well resolved [56].  
The transmitted frequency is very important to choose because of taking the resistivity 
of different layers and scale of structures in the seabed environment. If the frequency 
is too low, the skin depth in the seafloor is very long so the signal is not inductively 
attenuated between the source and the receiver. Then, if the transmission frequency is 
too high, the skin depth is very small and signals only penetrate the shallow part of 
the seawater. All but the shortest range signals are attenuated to such an extent that 











2.3.2    Ampere’s Law 
There is a theory behind the technology of magnetic feeder that can be enhanced the 
power of antenna, there have a theory behind this. This theory is called Ampere’s 
Law.  Ampere’s Law states that there has a relationship between magnetic field (B) 
and current (I) as shown in Figure 7. The magnetic field in space is proportional to the 
electric current which applies as its source. The strength of the magnetic field (H) is 
proportional to the B-field that indicates the enhancement of the electromagnetic field 
at the center of the loop. Ampere’s Law states that for any closed loop path, the sum 
of the length elements times the magnetic field in the direction of the length element 
is equal to the permeability times the electric current enclosed in the loop [55, 57]. 
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Where 
B    = magnetic flux density. 
r     = distance between the antenna and the point in space. 
I      = current passing through the antenna. 
p = permeability of the materials. 









2.3.3    Antenna 
An antenna is one of the crucial instruments in a communication that has to be 
considered since it is responsible for the radiation and reception of electromagnetic 
waves.  Antennas can be classified broadly into the following categories: wire 
antennas, reflector antennas, lens antennas, travelling-wave antennas, frequency 
independent antennas, horn antennas and conformal antennas. 
 
Antenna is the interface medium between transmission lines and free space [59]. It is 
important that transmitter to be converted into radiated energy and pickup at the 
receiver to achieve power efficiency in the lower frequency. Hence, many types of 
antenna can be designed for different types of applications such as quarter-wave 
grounded antenna, folded dipole antenna, quarter-wave vertical antennas, radar 
antennas, circular, square, elliptical antenna in lower frequency [60].Antenna is a 
device for radiating or receiving electromagnetic wave in free space. There are two 
types of antenna which are passive antenna and active antenna. Passive antenna is a 
reciprocal device and it can be used for transmitting or receiving EM waves whereas 
active antenna is not a reciprocal device.  
 
An antenna comprising a plurality of axially extending, radially spaced, elongated 
electrical conductors and each have a circumferential extent different from the 
circumferential extent of the adjacent conductors [61]. The antennas comprise of a 
system of conductor used for radiating EM energy to space (transmitter) or for 
collecting EM energy from space (detector). Since it is difficult to radiate large 
amounts of power efficiently in the lower frequency ranges with short antennas, it is 
important to ensure the available signal from the transmitter to be converted into 







Antenna shall be designed and used as transmitter for a specific application. As an 
example, a side-by-side comparison of the bi-conical electric and magnetic antennas 
is shown in Figure 8. This conceptual diagram shows the different field orientations 
and feed structures with the magnetic antenna fed via a small loop [63]. It should be 
noted that the vertical plane along the z-axis of the magnetic antenna is now referred 
as H-plane of the antenna, as opposed to the E-plane for the electric field antenna. The 
electric antenna is shown to have electric field lines emerging from the surface of the 
conductor at right angles. The magnetic field lines emerging from the magnetic 
material are possibly further from normal because of the more finite value of 
permeability.  
 
Figure 8     : Field orientations and feed structures of the electric and magnetic bi-
conical antennas [63]. 
Loop antenna is another type of transmitter used for radiating element and can be in 
circular, square and elliptical shapes. Electrically small loop antennas with a small 
radius if compared to its wavelength have radiation pattern that are of the same form 
as an infinitesimal dipole and referred to as an infinitesimal magnetic dipoles [64]. 
Basically, loop antennas have very low radiation resistances and not efficient for 
radiators such as a transmitter. But if we increase the number of turns from a single 





2.3.4    Properties of Antenna 
Basic properties of an antenna are its radiation pattern, gain, impedance and 
polarization. These properties are identical for linear passive antennas used either as a 
transmitter or receiver by virtue of the reciprocity theorem [65]. Radiation pattern 
(intensity) depends only on the direction of radiation and remains the same at all 
distances.  
 
An antenna radiation pattern is a 3-D plot of its radiation if it is far from the source. 
Antenna radiation patterns usually take two forms, the elevation pattern and the 
azimuth pattern. The elevation pattern is a graph of the energy radiated from the 
antenna looking at it from the side as can be seen in Figure 9(a). The azimuth pattern 
is a graph of the energy radiated from the antenna as if we were looking at it from 
directly above the antenna as illustrated in Figure 9(b). When combining the two 




Figure 9    : a) Generic Elevation Pattern, b) generic Dipole Azimuth Pattern and c) 3-




Patterns are measured by using three scales: (1) linear (power), (2) square root (field 
intensity) and (3) decibels (dB). Half Power Beamwidth (HPBW) is the angle power 
that can be radiated and as shown at Figure 10. If HPBW of the antenna is narrow the 
directivity of the antenna is increased. Gain is the measure of an ability of the antenna 
to the direct the input power into radiation in a particular direction and is measured at 
the peak radiation pattern [67]. 
 
Figure 10    :  Antenna Pattern Characteristics [68]. 
The ratio of maximum power to minimum power in the wave can be measured and is 
called the standing wave ratio (SWR). Minimizing impedance differences at each 
interface (impedance matching) will reduce SWR and maximize power transfer 
through each part of the antenna system [55]. Polarization of the wave is related to the 
direction of the electric field. Polarization is the orientation of electromagnetic waves 
far from the source [59]. There are several types of polarization available for the 
antennas. Figure 11 shows that they can be Linear, which comprises; Vertical, 
Horizontal and Oblique, and circular, which comprises; Circular Right Hand (RHCP); 
Circular Left Hand (LHCP), Elliptical Right Hand and Elliptical Left Hand. 
Polarization is the most important factor if we are trying to get maximum 
performance from the antennas. For the best performance we will need to match up 






Figure 11    : Different type of polarization for antenna properties [69]. 
The polarization of EM wave refers to the orientation of its electric field E.  When the 
direction of electric field (E) is randomly varying with time on a very fast scale, and 
related to the direction of propagation the wave it is considered as non-polarized. In 
case of linearly polarized wave, the electric vector has a fixed orientation related to 
the propagation direction as in Figure 12. The polarization of electromagnetic wave 
can be produced by absorption, scattering, reflection and birefringence. 
 
 
Figure 12    : Electric field orientation for polarized and non polarized 




The power gain of an antenna is the ratio of the power input to the antenna to the 
power output from the antenna. This gain is often referred to unit of dBi, which is 
logarithmic gain relative to an isotropic antenna. An isotropic antenna has a perfect 
spherical radiation pattern and a linear gain of one. The directive gain of an antenna is 
a measure of the concentration of the radiated power in a particular direction. It may 
be regarded as the ability of the antenna to direct radiated power in a given direction. 
It is usually a ratio of radiation intensity in a given direction to the average radiation 
intensity. 
2.4    Conclusion 
SBL method is used to find the hydrocarbon by apply electromagnetic as the theory 
behind of this project. The main focus for this project is to develop a transmitter for 
detection hydrocarbon by enhancement with the nanotechnology. Nanotechnology 
(nanomaterial) is discussed to give some overview for the new technology and choose 
the best materials which is nickel zinc ferrite as a magnetic feeder for the transmitter 






3.1    Introduction 
This chapter discusses on the methodology which consists of simulation, synthesis of 
Ni-Zn based ferrites and fabrication of web-like hexagon shape EM transmitter. The 
flow of this work is as shown in Figure 13. It should be noted that this work begins by 
conducting some simulations on antenna design. Applied Wave Research (AWR) 
software was used to evaluate the best parameter design particularly that relating to 
the effect of shape on the radiation pattern. Computer Simulation Theory (CST) 
studio software was then employed to evaluate the E-field and B-field EM transmitter. 
Attention was given to the hexagon shape EM transmitter and development of the 
transmitter was based on the results of the simulations. 
 
Then, synthesis of Ni-Zn based ferrites using self combustion method was conducted 
to fabricate magnetic feeder. This magnetic feeder will enhanced the power of the 














































Figure 13    : Flow chart for developing web-like hexagon shaped EM transmitter. 
START 
END 
Design transmitter by using AWR and CST software 
Synthesis of nickel zinc ferrites by using self combustion method 
Analysis performance for different type of transmitter 
Characterizion of nickel zinc ferrites              
Compress nickel zinc ferrites into toroid shape 
Analyze magnetic properties by using LCR meter 
Design a prototype for transmitter 
Test with and without magnetic feeder 
Calculate % of increase and distance between transmitter and detector 
Better Performance? 
Single Phase ? 
Better Performance? 




3.2    Simulation 
Simulations have been conducted using Applied Wave Research (AWR) and 
Computer Simulation Technology (CST) softwares to choose the best design for the 
antenna. AWR software was used to determine the best antenna shape in terms of 
radiation pattern. CST EM studio software was used with the aim to measure the E-
field, D-Field, H-Field and B-Field. 
3.2.1    Applied Wave Research (AWR) Software 
Applied Wave Research (AWR) Design Environment Evaluation software was used 
to design the antenna. Seven types of design, namely dipole, triangle, rectangle, 
pentagon, hexagon, heptagon and octagon were simulated with various length and 
phase to study the radiated power.  Table 1 shows the parameter for designing the 
antenna by using AWR software. All the parameters such as frequency, voltage, 
current and diameter were fixed for this simulation in order to investigate the effect of 
increasing the length of antenna. 
Table 1    : Parameters for designing antenna by using AWR software. 
FREQUENCY 1 kHz  
VOLTAGE / CURRENT 10 V / 10 A 
MATERIAL Copper 
WAVEFORM Sinusoidal (AC current) 
TYPE OF ANTENNA Dipole, Triangle, Rectangle, Pentagon, Hexagon, 
Heptagon, Octagon 
LENGTH  10 – 400 cm  





Figure 14 (a) shows the schematic diagram of the hexagon shaped antenna and Figure 
14 (b) shows the schematic diagram of flow of current through the transmitter. The 
maximum power that can be radiated for this simulation is 10dBW and minimum is -
30dBW. The configuration of this antenna and the value of phase and power will be 




Figure 14    : a) Schematics for simulations and b) Current Flow. 
Simulation also was conducted to the other types of design, such as triangle, 
rectangle, pentagon, hexagon, heptagon and octagon as shown in Figure 15. 
Currently, oil and gas companies use dipole as their transmitter to detect hydrocarbon. 

















(d) (e) (f) 
Figure 15    : Different types of transmitter shapes. 
3.2.2    Computer Simulation Technology (CST) Software 
Computer Simulation Technology (CST) EM Studio Software is used to determine 
the best design for antennas in the form of dipole, ring or web-like hexagon shapes as 
shown at Table 2. Dipole is a current transmitter that we use to compare with ring and 
also web like hexagon shapes transmitter with the same values of electric field (E-
field) and magnetic field (H-field). Copper is chosen because it is the best material for 











Table 2    : Parameter for designing antenna by using CST software. 
FREQUENCY 1 kHz  
VOLTAGE 10 V  
CURRENT 10 A  
MATERIAL Copper 
WAVEFORM Sinusoidal (AC current) 
TYPE OF ANTENNA Dipole, ring, web like Hexagon Shape  
DIPOLE 25 m (length),0.5 m (diameter)  
RING 25 m (outer diameter),24.5 m ( inner 
diameter)  
WEB LIKE HEXAGON SHAPE 5 – 80 turns  
 
3.3    Synthesis of magnetic feeder 
The synthesis is discussed of the magnetic feeder is with the chemical formula of Ni-
Zn based ferrites. Chemical equation of the Ni0.8Zn0.2Fe2O4 is 
 




Figure 16 shows the steps involve in the process of synthesizing the Ni-Zn based 











Figure 16    : Flow chart of synthesis of Ni-Zn based ferrites by self combustion 
method. 
START 
Weighted nickel nitrate, Ni(NO3)26H2O; zinc nitrate, Zn(NO3)26H2O; and 
ferricnitrate, Fe(NO3)39H2O accordingly. 
Stirred 3 solutions for 1 day with 250r.p.m 
Dissolved the weighted salts into an aqueous solution of nitric acid 
separately. 
Gradually increased the temperature for every 15 minutes until self 
combustion occurred at 110 0C. 
Mixed 3 solutions and stirred for 1 day. 
Dried the sample in the oven 110 0C for 24 hours. 
Crushed the sample for 1 hour by using mortar. 
Annealed the sample at 800 0C, 900 0C and 1200 0C atmospheric furnace 
for 4 hours 
 






Stoichiometric mixture of nickel nitrate, Ni(NO3)26H2O; zinc nitrate, Zn(NO3)26H2O; 
and ferric nitrate, Fe(NO3)39H2O; were dissolved in aqueous solutions of 150mL 
nitric acid HNO3. From this equation, ratio calculation (with /without water) must be 
done to get the mass for every single solution. Refer to Table 3, calculation must be 
done to prepare 20g for Ni0.8Zn0.2Fe2O4 by using self combustion method. 
Table 3    : Calculations for Ni0.8Zn0.2Fe2O4. 














0.8 [(58.6934) + 
(2x14.0067) + 
(12x15.9994) +       
(12x1.00794)]      
=232.6359 g/mol 
0.8 [(58.6934g) 





639.7537) x 20  
 




= 7.2727 g 
0.2Zn(NO
3)26H2O 




= 59.5021 g/mol 
0.2 [(65.4090) + 
(2x14.0067)+ 
(6x15.9994) 
= 37.8838 g/mol 
(37.8838/ 
639.7537) x 20  
 
= 1.1843 g 
(59.5021/37.88
38) 
X 1.184323  
= 1.8602 g 
2Fe(NO3)
39H2O 




= 807.9944 g/mol 












= 25.2595 g 





The solutions were stirred for 2 days as shown in Figure 17 (a). Self combustion 
technique was used to prepare the nano-magnetic materials as the feeder. The self 
combustion was prepared by gradually increasing the temperature every 15 minutes 
(Figure 17 (b)). The solutions were stirred at 250 r.p.m for 1 day separately and mix 
into one solution. The mixture was stirred for 1 day and gradual heated for every 15 
minutes until it combusted at 110◦C. The mixtures were annealed at 800 ◦C, 900 ◦C 







Figure 17    : a) Mixed 3 solutions into 1 solution and stirred for 1 day and b) Self 




The experimental part was conducted on Ni0.8Zn0.2Fe2O4 powder annealed at i) 8000C, 
ii) 9000C and iii) 12000C which were fabricated in the form of ring (toroid) with an 
outer diameter 0.5cm and inner diameter of 0.25cm (refer to Table 4).  
Table 4    : Parameters for sample. 
Parameters 1 2 3 
Weight (g) 0.5 0.5 0.5 
Outer Diameter (cm) 0.5 0.5 0.5 
Inner Diameter (cm) 0.25 0.25 0.25 
Height (cm) 0.25 0.25 0.25 
Density (g/cm3) 3.4 3.4 3.4 
Quantity of toroid 2 2 2 
Number of winding 20 20 20 
Material of winding Copper wire Copper wire Copper wire 
Sintering temperature for 
toroid (0C) 
800 900 1200 
Increment Time (Hours) 6 6 6 
Holding Time (Hours) 4 4 4 
Decrement Time (Hours) 6 6 6 
 
First, weight 0.5g of Ni0.8Zn0.2Fe2O4 powder by using weighted balance for three 
samples. Then, mixed 0.5g Ni0.8Zn0.2Fe2O4 powder with polyvinyl alcohol (PVA) and 
crushed them for 15 minutes by using mortar. Then, the mixture is places and pressed 
at a force of 3000 kg by using autopallet press machine as shown in Figure 18. The 
mixed powders were pressed using a mould to be in toroid shape by adding the PVA 
and sintered at 12000C [72]. Figure 19 shows the Ni0.8Zn0.2Fe2O4 powder after being 






Figure 18    : Carver Autopellet Press Machine for pressed the powder become a 
pallet or toroid shape. 
 







The initial permeability (µi) was calculated by taking the inductance serial (Ls) values 
from the Agilent spectrum analyzer 16047E adapter (refer to Figure 20) using 
frequency of 100 MHz on the Ni0.8Zn0.2Fe2O4 toroid to its resonance frequency. Q-
factor and relative loss factor (RLF) may be calculated by taking the data from 
Agilent Impedance Analyzer with 16047E adapter. 
 
 
Figure 20    : Agilent Impedance Analyzer with 16047E adapter to measure magnetic 
properties. 
3.4    Conclusion 
The methodology is divided into three parts to achieve aim of this project. All the 
methods used after reviewing of the papers and journals in Chapter 2. For the 
simulation parts, there are two softwares, AWR and CST softwares that give benefits 
and information for antenna properties before fabricating or starting the experiment. 








RESULTS AND DISCUSSIONS 
4.1    Introduction 
This chapter discusses developing the process of powerful EM transmitter for SBL. 
Prior to constructing the prototype, simulation work was done to evaluate the design 
and response of the EM field. All the data from Chapter 3 are being discussed in this 
chapter. For this chapter, simulation parts are started until validation of the transmitter 
and magnetic feeder to achieve the aim. 
4.2    Applied Wave Research (AWR) Software 
AWR software was used to design the dipole transmitter and to compare the results 
with different types of transmitter. We started with 40cm length until 400cm to 
identify the total radiated power for E-plane in different degree. Refer to equation 
below, 
                         =       (31) 
1 kHz is taken as frequency (f) and speed of light as the velocity (v) to get the 
wavelength of 300km (Figure 21). The speed of light was used was velocity because 
the environment for this experiment is inside the lab which is different with the 
velocity inside the seawater. When a lower frequency was used, wavelengths for the 
transmitter will be higher. Wavelength or lambda (λ) is normally is longer than the 







For simulation, we chose the range of length between 40 – 500cm to measure antenna 
properties such as radiation pattern. If we simulated the transmitter more than 300km, 
there would be attenuation for this design and would affect the efficiency [73]. 
 
 




From the simulation, we should
planes; the E-plane and H
pattern for E-plane. Radiation pattern is the current source that generates 
electromagnetic fields which can propagate to far distances from the source location.  
Figure 21 show that the radiation pattern (in dB) for dipole transmitter at length of 40 
to 400cm indicates that the dipole has donut shape for E
dipole transmitter can radiate EM waves in all directions or omnidirectional [74]. 
Radiation pattern is the plot of far field radiation from the antenna or the power 
radiated from the antenna per unit radiation intensity (watts per unit radiation 
intensity). We convert the value from Figure 28 to get power radiated by using this 
equation.  
   
From Figure 22 and Table 5, at 0, 180 and 360 degrees high power was detected at all 
lengths which was around 6.5 watt from this simulation. It shows that horizontal plane 
(0, 180 and 360 degree) gives the highest power radiated because of polarization of 
electromagnetic wave.  
Figure 22    : Power radiated on E
41 
 get the results for radiation pattern in dB unit in two 
-plane. For this simulation, we will only discuss on radiation 
-plane. This shape means th
q = 10  log uU  Ө , v!                                             








Table 5    : Power for dipole transmitter at length 40-400cm. 
POWER (Watt) 
  00 300 600 900 1200 1500 1800 2100 2400 2700 3000 3300 3600 
40cm 6.530 4.876 1.639 0.008 1.644 4.844 6.533 4.837 1.640 0.008 1.630 4.761 6.530 
60cm 6.530 4.876 1.639 0.008 1.644 4.844 6.533 4.837 1.640 0.008 1.630 4.761 6.530 
80cm  6.535 4.879 1.640 0.008 1.645 4.847 6.538 4.841 1.640 0.008 1.680 4.764 6.535 
100cm 6.537 4.881 1.640 0.008 1.645 4.848 6.539 4.842 1.641 0.008 1.632 4.765 6.537 
120cm 6.544 4.886 1.642 0.008 1.647 4.853 6.546 4.847 1.643 0.008 1.634 4.770 6.544 
140cm 6.547 4.807 1.643 0.008 1.648 4.856 6.550 4.850 1.643 0.008 1.634 4.773 6.547 
160cm 6.556 4.895 1.645 0.008 1.650 4.863 6.559 4.638 1.646 0.008 1.637 4.779 6.556 
180cm 6.562 4.900 1.647 0.008 1.652 4.867 6.505 4.861 1.647 0.008 1.638 4.784 6.562 
200cm  6.573 4.908 1.649 0.008 1.654 4.875 6.576 4.869 1.650 0.008 1.641 4.792 6.573 
220cm 6.580 4.913 1.651 0.008 1.656 4.881 6.583 4.874 1.652 0.008 1.643 4.797 6.580 
240cm 6.594 4.923 1.655 0.008 1.660 4.890 6.596 4.884 1.655 0.008 1.646 4.806 6.594 
260cm 6.603 4.930 1.657 0.008 1.662 4.897 6.606 4.891 1.657 0.008 1.648 4.813 6.603 
280cm 6.618 4.942 1.661 0.008 1.666 4.909 6.621 4.902 1.661 0.008 1.652 4.825 6.618 
300cm 6.630 4.950 1.664 0.008 1.669 4.917 6.632 4.911 1.664 0.008 1.655 4.833 6.630 
320cm 6.647 4.940 1.668 0.008 1.673 4.930 6.650 4.924 1.668 0.008 1.659 4.825 6.647 
340cm 6.660 4.973 1.671 0.008 1.676 4.940 6.663 4.933 1.672 0.009 1.623 4.855 6.660 
360cm 6.680 4.988 1.676 0.008 1.681 4.955 6.683 4.948 1.677 0.009 1.668 4.890 6.680 
380cm 6.696 5.000 1.680 0.008 1.685 4.966 6.698 4.960 1.681 0.009 1.671 4.881 6.696 
400cm 6.718 5.016 1.686 0.008 1.691 4.983 6.721 4.976 1.686 0.009 1.677 4.897 6.718 
 
From Figure 22, we will look at 3 parts in details at 0, 180 and 360 degrees to see the 
pattern of power versus length. Power (P) is proportional to current (I),  
       u = w$x                                   (33) 
                = ny o                                    (34) 
And substitute to equation 23 for source current density (J). 
             u =   z!$. x                                (35) 
Where :  
r = radial distance,  
R = resistance, 
J = volume electric current density, 
l = length of transmitter.  
  
 
This equation shows that power is pro
indicates that, power is increased if we increase the length of transmitter but all 
parameters are kept constant and it is shown in Figure 23.
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AWR software can simulate for total radiated power which contains theta, 
ϕ. The concept of this radiated power as shown in Figure 24. The elevation angle, 
is between the plane defined by the y
azimuth angle ϕ is in the yz
power radiated for Ө and 
value of total power radiated is 8.28 dBW which is at 400cm. 
Figure 24    : The Cartesian and spherical coordi
Figure 25   
45 
- and z-axes and the x-axis yz
-plane. Figure 25 and Table 6 shows the value of total 
ϕ in different length of dipole transmitter. The highest 
 
 
nate systems are shown with the 
dipole transmitter included. 
 : Total power radiated for dipole transmitter. 







Table 6    : Data ϕ and Ө for dipole transmitter with different length in dB Watt 
(dBW). 
 Length ϕ (dBW) Ө (dBW) 
40cm 8.16 8.16 
60cm 8.16 8.16 
80cm  8.16 8.16 
100cm 8.16 8.16 
120cm 8.17 8.17 
140cm 8.17 8.17 
160cm 8.17 8.17 
180cm 8.18 8.18 
200cm  8.18 8.18 
220cm 8.19 8.19 
240cm 8.20 8.20 
260cm 8.20 8.20 
280cm 8.21 8.21 
300cm 8.22 8.22 
320cm 8.23 8.23 
340cm 8.24 8.24 
360cm 8.25 8.26 
380cm 8.26 8.26 
400cm 8.28 8.28 
 
 
AWR software may generate radiation pattern and power radiated by the transmitter 
in polar and rectangular form. In polar form, we may get half power bandwith 
(HPBW) and first null power bandwith (FNBW) as shown in Figure 26. This means 
we may intreprate the data to get the value for HPBW and FNBW from the figure. 
HPBW is antenna properties which is the angular width of the E-plane (radiation 
intensity) main lobe at the half power or 3dB down compared to the peak. If HPBW is 






Figure 26    : Simulation result to indicates the value of half power bandwidth 
(HPBW). 
From Figure 27(a) and ( b), most directivity transmitter is 80cm at 89.6 degree. It is 
because of dipole of 80cm has lower HPBW compared to other lengths of dipole.  
  
 










Figure 28 shows the HPBW and FNBW for different lengths of dipole transmitter. It 
can be seen that the angle for FNBW are twice the size of HPBW angle
 
Figure 28    : Comparison between HPBW and FNBW for dipole transmitter.
In conclusion, dipole transmitter at 400cm gave the highest total power radiated and 
radiation pattern which indicated the powerful transmitter. Then we designed different 
types of transmitter to compare with dipole at 400cm.
shapes such as triangle, rectangle, pentagon, hexagon, heptagon and octagon to see 
their patterns of radiation, total power radiated and HPBW. Figure
shows that the pattern of power radiated on E
Compared with dipole transmitter, hexagon shape gave the highest value for power 




 400cm was used in different 
 29 and Table 7 







Figure 29    : Power radiated on E
Table 7    : Power radiated for different types of transmitter
   Dipole Rectangle 
00 6.556 3.736 
300 4.895 2.986 
600 1.645 1.143 
900 0.008 0.005 
1200 1.645 0.758 
1500 4.863 2.581 
1800 6.559 3.737 
2100 4.638 2.965 
2400 1.646 1.124 
2700 0.008 0.037 
3000 1.637 0.751 
3300 4.779 2.529 
3600 6.556 3.736 
50 
-plane for different types of transmitter. 
. 
POWER (Watt) 
Pentagon Hexagon Heptagon Octagon
6.506 6.570 5.239 6.557 
4.794 4.899 4.585 4.885 
1.568 1.642 1.513 1.634 
0.015 0.009 0.011 0.009 
1.704 1.661 1.603 1.662 
4.891 4.880 4.639 4.875 
6.508 6.573 6.199 6.560 
4.754 4.860 4.547 4.846 
1.569 1.642 1.513 1.635 
0.004 0.008 0.005 0.008 
1.690 1.647 1.590 1.648 
4.810 4.796 4.561 4.792 






Total power radiated also can be defined from this AWR software. Table 8 gives the 
value for Ө and ϕ in different types of transmitter. Dipole transmitter gives the 
highest value at 8.28 dBW for total power radiated compared to the others.  
Table 8    : Data ϕ and Ө for different type of transmitter 
  
ϕ (dBW) Ө (dBW) 
Dipole 8.28 8.28 
Triangle 8.17 8.17 
Rectangle 8.15 8.16 
Pentagon 8.14 8.14 
Hexagon 8.18 8.18 
Heptagon 8.17 8.17 
Octagon 8.17 8.17 
 
Figure 30 shows that the pattern of total power radiated in terms of  Ө and ϕ. We can 
see that dipole transmitter give the highest value compare to other designs. This result 
indicates that dipole is polarizing in linear polarization but other designs in loop 
transmitter are polarized in circular polarization. That’s why it becomes different with 
the other designs. Polarization can affect the power radiated because it relates with 
magnetic field and also electric field in pointing theorem [75]. 
 
   u{|K  }! =   ~   !   (36) 
  
 
Figure 30    : Total power radiated for different types of transmitter.
Then HPBW from this simulation can give the directivity transmitte
a powerful transmitter. Figure 31 a) and b) show that hexagon shape gives the lowest 
HPBW and FNBW which means that it shape has more directivity compared to the 
other designs. As a conclusion from this simulation (comparison with dipole 
designs), hexagon is the best design in terms of more directivity and power 





















Four designs were chosen as well, dipole, triangle, rectangle and hexagon which had 
the same length at 80cm, 200cm and 480cm to investigate the outcomes. We 
randomly decided to these lengths because wanted to see the different effects of these 
designs. Referring to Table 9, at phase 90 and 270 the power radiated is 
approximately 0.004W. The maximum power for dipole is 1.223W, triangle is 
1.194W, rectangle is 1.241 W and hexagon is 2.835W.  
 
Figure 32 and Table 9 present the results of design, length and angle of radiation 
power. Figure 32 (a), (b) and (c) give the radiated power of a hexagon with different 
lengths that are 80cm, 200cm and 480cm. It was observed that the highest power for 
hexagon was 2.835W at 330 degree with 480cm. Then, hexagon shaped transmitter 
gave the highest radiation power compare to the dipole transmitter with 5179.86% at 




Table 9    : Power radiated (in Watt) in linear scale from simulation. 
DESIGN  LENGTH  00 300 600 900 1200 1500 1800 2100 2400 2700 3000 3300 3600 
DIPOLE 480cm 0.691 0.382 0.155 0.004 0.191 0.308 1.031 0.34 0.186 0.004 0.176 0.417 0.691 
  200cm 0.799 0.42 0.157 0.004 0.194 0.338 1.17 0.374 0.189 0.004 0.177 0.46 0.799 
  80cm 1.223 0.426 0.157 0.004 0.195 0.343 1.194 0.38 0.19 0.004 0.177 0.467 1.223 
TRIANGLE 480cm 0.685 0.385 0.157 0.004 0.186 0.302 1.021 0.345 0.189 0.008 0.168 0.402 0.685 
  200cm 0.801 0.422 0.155 0.004 0.194 0.334 1.171 0.381 0.188 0.008 0.173 0.452 0.801 
  80cm 0.685 0.385 0.157 0.004 0.186 0.34 1.194 0.386 0.189 0.008 0.173 0.459 0.685 
RECTANGLE 480cm 1.241 0.491 0.116 0.003 0.159 0.405 1.095 0.652 0.059 0.001 0.051 0.77 1.242 
  200cm 0.617 0.498 0.149 0.002 0.148 0.301 0.802 0.464 0.101 0.002 0.18 0.47 0.617 
  80cm 0.147 0.226 0.24 0.001 0.08 0.07 0.172 0.167 0.043 0.001 0.281 0.123 0.147 
HEXAGON 480cm 0.635 0.395 0.174 0.004 0.212 0.315 0.959 0.303 0.214 0.006 0.202 2.835 0.635 
  200cm 0.798 0.425 0.157 0.004 0.198 0.332 1.165 0.385 0.189 0.005 0.18 0.445 0.798 
  80cm 0.817 0.429 0.157 0.004 0.198 0.335 1.191 0.393 0.189 0.005 0.18 2.199 0.817 
  
At 80 cm length (Figure 32(a)), hex
At 200 cm length (Figure 32(b)), hexagon gives the highest value which is 1.191W at 
1800. Finally at 480 cm (Figure 32(c)), the highest power of hexagon is 2.835W for 
3300.From the simulation results, we have
because it gives the highest power radiated in electric field even with 480cm 
at 330 degrees. 
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agon gives the highest power of 2.199W at 330

















4.3    Computer Simulation Technology (CST) Software 
CST EM Studio software was used to further evaluate the response of the transmitter 
design. This software is capable of calculating the E-field, H-field as well as electric 
flux density (D-field) and magnetic flux density (B-field). From simulation, we can 
see the value of E-field and H-field for dipole, ring and web like hexagon shape 
transmitters. From to Figure 33, the value of E-field and H-field for dipole transmitter 
is 0.00589861 V/m and 244001 A/m respectively. From that value, we can predict the 
value of electric flux density (D-field) and magnetic flux density (B-field) if we know 
the permittivity (ε) and permeability (µ) of copper as shown by this formula: 
 









Figure 33    : a) E-field (peak) and b) H-field (peak) for dipole transmitter. 
For ring transmitter the value of E-field and H-field is 0.011157 V/m and 332599 A/m 
respectively and these values are higher than dipole transmitter (Figure 34). Ring 
transmitter can give more concentration at the center of the electromagnetic field. 
This looks similar with the function of loop antenna that has bidirectional with 









Figure 34    : a) E-field (peak) and b) H-field (peak) for ring transmitter. 
Table 10 shows the comparison between dipole and ring transmitter for E-field and H-
field. Ring transmitter or loop antenna give the highest percentage compare to dipole 
transmitter with 91.4% increase for E-field and 36.3% increase for H-field 
respectively. 
Table 10    : Comparison between E-field and H-field for dipole and ring transmitter. 
Parameter Dipole Ring % increasing 
E-field (V/m) 0.0058 0.0111 91.4 









From Figure 35 a) the value of E-field for web like hexagon shape transmitter with 5 
turns is 7253.99 V/m which is the highest than dipole and ring transmitters. E-field 
and H-field are perpendicular to each other and related to the Maxwell’s Law [78]. 
With this higher value of E-field, we continue to increase the number of turns until 80 







Figure 35    : a) E-field (peak) for 5 turns and b) E-field (peak0 for 80 turns of web 
like hexagon shape transmitter. 
  
Figure 36 shows the pattern of E
turns. The highest value is attributed to constructive interference. Constructive 
interference will occur when two wave pulses of the same amplitude and phase, and 
the amplitude of the combined waveform is greater than that when the wave is alone 
[79].  For 10 turns and 40 turns the
interferences. 70 turns had ultimately exhibited about 300 % of the E
turns was our choice. However, the best choice is 20 turns because it shows the 
215.85% increase of electric field compare
70 turns. The simulation gave accurate values of the E
number of turns. The construction of the EM transmitter was made based on the E
field values obtained for this simulation.
 




-field and the highest value is on 20 turns and 70 
 E-fields are decreasing because of destructive 
-field. 20 to 25 
d to 5 turns ad low resistivity compared to 








4.4    Synthesis and Characterization of magnetic feeder 
It should be recalled that Ni0.8Zn0.2Fe2O4 samples were synthesized using self 
combustion method. Three samples were investigated to compare the morphology and 
structure. They are nickel zinc ferrites using self combustion which was annealed at 
800 ◦C (sample 800_4), 900 ◦C (sample 900_4) and 1200 ◦C (sample 1200_4). These 
samples were characterized using X-Ray Diffractions (XRD), Field Emission 
Scanning Electron Microscope (FESEM), Energy Dispersive X-Ray (EDX), Raman 
Spectra and Transmission Electron Microscope (TEM). 
4.4.1    X-Ray Diffraction (XRD) 
The X-Ray Diffraction (XRD) was recorded with D8 Advance Bruker AXS 
Diffraction using Ni-filtered Cu Kα radiation (λ=15.4 Åm) operated at 9kV with step 
scan size of 0.02◦ 2Ө and counting time of 10 seconds in the range of the 2Ө of 10◦ to 
80◦.The XRD patterns are shown in Figure 37 for self combustion after annealing at 
800 ◦C, 900 ◦C and 1200 ◦C for 4 hours. The X-ray diffraction pattern shows the 
evolution of crystallization of nickel zinc ferrite powders with the increase of 
annealing temperature. The highest peak intensity is observed for (311) plane at 2Ө. 
This signifies that the annealing process has caused the atom to move from its own 
lattice completely. It is also speculated that Zn2+ ions had occupied the tetrahedral 
site, Ni2+ ions occupied the octahedral site and the Fe3+ ions were distributed over 
both sites [80]. 
 
  
Figure 37    : XRD patterns for Ni
combustion with annealed at temperatures (a) 800 
Table 11 shows the XRD analysis which identifies the value of full width half 
maxima (FWHM), d-spacing and crystallite
equation is used to determine the diameter of nickel zinc ferrite nano
the XRD results. The Scherer’s equation is:
   
Where: 
K = 0.9   







0.8Zn0.2Fe2O4 nano particles with [311] peak for self 
◦C, (b) 900 ◦C and (c) 1200
 size of the (311) plane peak. Scherer’s 
-particle by using 
 
   =  X kӨ       (38)
 
 λ = wavelength 





The difference between 800 ◦C, 900 ◦C and 1200 ◦C were observed with the increasing 
temperature when annealing process was done for self combustion. Grain growth 
caused the grain to become larger and the value of crystallite size was 47.99nm at 
1200 ◦C. From Table 11, it can be deduced that nickel zinc ferrite has cubic structure 
because alpha, beta and gamma are in 90 degree and the value of a,b,c are the same. 
Table 11    : XRD data for Ni0.8Zn0.2Fe2O4 nanoparticles prepared by self combustion 
methods with different annealed temperatures. 
Sample X-Ray Diffraction  
(Correspond to [311] peaks)  
Intensity  FWHM  d-spacing  
(Å)  
Crystallite  
size (nm)  
a  b  c  
800 ◦C 120  0.333  2.5014  25.08  8.3696  8.3696  8.3696  
900 ◦C 125  0.223  2.5024  37.40  8.4035  8.4035  8.4035  
1200 ◦C 148  0.174  2.5022  47.99  8.4182  8.4182  8.4182  
 
4.4.2    Field Emission Scanning Electron Microscope (FESEM) 
Field Emission Scanning Electron Microscope (FESEM) using Carls Zeiss Supra 35 
Vp equipment with EHT= 8-10kV and Working Distance (WD) = 6-9mm is used to 
identify the morphology of nanostructure and dimension for grain size for bulk and 
nano-particle. From Figure 38; Figure 39 and Figure 40, characterization by FESEM 
was done to analyze the morphology of Ni0.8Zn0.2Fe2O4 using self combustion method 
after annealing at 800 ◦C, 900 ◦C and 1200 ◦C for 4 hours. Figure 38 is a rough 
dimension with 1/100k magnification and 1/50k magnification for grain size 












Ni0.8Zn0.2Fe2O4 nanoparticles prepared by self 
annealed at 800◦C. 
  
Figure 39 is a rough measurement of dimension with 1/100k magnification and 1/50k 
magnification for the grain size which is in the range of 40
of Ni0.8Zn0.2Fe2O4 annealed at 900 
because annealing temperature caused more ions to move into the lattice crystal and 
be arranged as cubic arrangement. The cubic shapes of these particles are clearly 




-140nm. The morphology 






Figure 39    : FESEM images for 
combustion methods annealed at 9
Figure 40 is a measurement of dimension with 1/50k magnification and 1/25k 
magnification for grain size in range of 310
hours, the morphology of Ni0.8Zn
because annealing temperature causes more ions to move into the lattice crystal to be 
arranged in cubic arrangement. FESEM micrograph of powder Ni





Ni0.8Zn0.2Fe2O4 nanoparticles prepared by self 
00◦C. 
-770nm. After annealing at 1200 ◦C for 4 
0.2Fe2O4 became more crystallite for nano-particles 
0.8Zn0.2
-sized particles.  
Fe2O4 
  
Figure 40    : FESEM 










4.4.3    Energy Dispersive X-Ray (EDX) 
Energy Dispersive X-Ray (EDX) is a chemical microanalysis technique. Table 12 
shows that the atomic and weight percentage of the corresponding elements which are 
nickel, zinc, ferum and oxygen. After annealing the samples at 800 ◦C and 900 ◦C, the 
atomic percentage of oxygen is higher than the others because of the amount of mole 
fraction of Ni0.8Zn0.2Fe2O4. After annealing at 1200 ◦C, the atomic of oxygen 
percentage is decreasing because of the annealing process that provides energy for the 
atoms vibrations to break the ionic bonds, releasing the oxygen from the lattice and 
the value atomic of oxygen composition are decreasing [81].  
Table 12    : EDX data for Ni0.8Zn0.2Fe2O4 nanoparticles prepared by self combustion 
with different annealed temperature. 

















800 ◦C 15.06 9.47 4.14 2.34 36.90 24.40 23.46 54.15 
900 ◦C 13.03 8.56 1.89 1.11 40.35 27.86 20.13 48.51 
1200 ◦C 18.30 10.48 5.04 2.59 44.88 27.02 24.58 51.67 
 
4.4.4    Raman Spectra 
Raman Spectra using Horiba HR800 is used to see the vibration atoms of 
Ni0.8Zn0.2Fe2O4 after annealing at 800 ◦C, 900 ◦C and 1200 ◦C for 4 hours for self 
combustion. Figure 41 shows that the two major peaks of this sample are in the range 
of 450 to 770 cm−1. At 800 ◦C this band is broader and smoother whereas at 
temperature above 900◦C the band extends only to 669 cm−1 can be observed. This 
band is associated with the presence of spinel phase [82]. 
  
Figure 41    : Raman patterns 
combustion 
Table 13 identifies the value of Raman shift and intensity for two major peaks as 
compares to one major peak in literature
450 to 770 cm−1; these bands have been assigned to vibration modes of FeO bonds in 
Fe2O3.These Raman Spectra features indicate the formation of the iron oxide species 
at these annealing temperatures [84].As the annealing temperatures increased, the 
particles moved closer toward each other, gradually reducing the volume of pore 
space between them and at
Table 13    : Raman









for Ni0.8Zn0.2Fe2O4 nanoparticles prepared by self 
annealed at (a) 800◦C (b) 900◦C and (c) 1200◦C.
 [83]. The bands is in the range from about 
om vibration because of deficiency of oxygen.





















4.4.5    Transmission Electron Microcopy (TEM) 
Transmission Electron Microscopy (TEM) by using JEOL JEM2100 equipment was 
used to characterize the morphology and the dimension of d-spacing of the 
nanoparticles (Figure 42).This characterization had been done for Ni0.8Zn0.2Fe2O4 and 
annealed at 1200 ◦C because we had obtained the best FESEM morphologies as 
compared to other samples. Figure 42 (a) shows clearly the presence of nanosized 
hexagonal ferrite crystallites with average dimension of 10-20nm and d-spacing with 







Figure 42    : TEM images for Ni0.8Zn0.2Fe2O4 nanoparticles prepared by self 
combustion method annealed at 1200 ◦C with a) cubic shape and b) d-spacing 2nm. 
  
4.4.6    Magnetic Properties for Ni
This part discusses on the magnetic properties of Ni
very important for feeder’s evaluations of the magnetic performance. Figure 43, 44 
and 45 shows the magnetic properties with their initial permeability, Q
relative loss factor for Ni
used to calculate the initial permeability of the samples.
 





The initial permeability as a function of frequency for the Ni
synthesized at 800 ◦C, 900 
synthesized temperature, it may be observed that the initial permeability is the highest 
as in Figure 43. The highest initial permeability could be obtained in Ni
sintered at 1200 ◦C with 20 turns in the frequency 40 Hz until 100 MHz. It should be 
noted that highest initial permeability reflects lowest resonance frequency. This is 
because the lower value of the applied magnetic field has quickly reaching the 
maximum magnetization [85]. Thi
which are not able to held the spins and domains walls of the magnetic samples [86]. 





-Zn based ferrite 
0.8Zn0.2Fe2O4 which is essentially 
0.8Zn0.2Fe2O4 will be discussed. This equation below was 
 
  = $c k+^h yE^ G      
t  = thickness (m) 
  = inner diameter (m)  = outer diameter (m) 
 = number of winding = 20 
 = permeability constant = 4  x10-7  H/m 
0.8Zn0.2
◦C and 900 ◦C are shown in Figure 43. At higher 







Q-factor for Ni0.8Zn0.2Fe2O4 with different sintering temperatures can be analyzed by 
using LCR meter. Figure 44 shows the increase of Q-factor until frequency of 1MHz 
and frequency of Q-factor decreases. Ni0.8Zn0.2Fe2O4 at 1200 ◦C gives the highest Q-
factor at 74 for 1kHz as shown in Figure 44. The Q- factor depends on the 
microstructure of the ferrites such as pores, grain size and second phase [87] 
 
     xKzYUK { YU{  x! =  6            (40) 
 
Where ,  
µ i  = initial permeability (H/m) 
Q  = Q factor 
 
The value of relative loss factor (RLF) can be calculated by using equation 40. This 
equation shows that RLF is inversely proportional to initial permeability and Q factor 
of the materials. From Figure 45, the frequency of this graph was increased up to 
10MHz and the pattern for these 3 samples were the same.Ni0.8Zn0.2Fe2O4 toroid at 
1200C gave lower RLF value if compare to other samples because it has higher initial 
permeability. It has been shown that all ferrites after sintered will have highest RLF at 
lower frequency (Hz) which may due to the higher hysteresis loss arising from their 




Figure 43    : Initial permeability versus
prepared by self combustion method 
Figure 44    : Q-factor versus frequency for 
combustion methods 
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 frequency for Ni0.8Zn0.2Fe2O
synthesized at 800 ◦C, 900◦C and 1200 
Ni0.8Zn0.2Fe2O4 toroids prepared by self 







Figure 45    : Relative Loss Factor (RLF) versus frequency for 
prepared by self combustion methods 
The morphology of the samples synthesized at 800 
in Figure 46, 47 and 48 respectively. The sample sintered at 1200 
shown more uniform microstructure
900 ◦C.  The lowest RLF shown by sample sintered at 1200 




synthesized at 800 ◦C, 900 ◦C and 1200 
◦C, 900 ◦C and 1200 ◦C are shown 
◦C had obviously 
 compared to the samples sintered at 800 ◦






Figure 46    : FESEM images for
Figure 47    : FESEM images for
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 Ni0.8Zn0.2Fe2O4 toroids prepared by self combustion 
methods synthesized at 800 ◦C. 
 Ni0.8Zn0.2Fe2O4 toroids prepared by self combustion 




Figure 48    : FESEM images for
methods synthesized at 12
Table 14 shows the summary of the magnetic properties of Ni
Sample synthesized at 1200 ◦C was the best magnetic properties with 121 % increase 
for initial permeability, 37 % increasing for Q
compared to other samples which were s
Table 14    : Initial permeability, Q










 Ni0.8Zn0.2Fe2O4 toroids prepared by self combustion 
00 ◦C. 
0.8Zn0.2Fe2O4 toroid. 
-factor and 154% decrease for RLF 
ynthesized at 800 ◦C. 
-factor and Relative Loss Factor (RLF) for 
 800 C, 900 C and 1200 C. 
 Q-factor Relative Loss 
Factor (RLF)
 1 kHz 1 kHz 
 60 3.82 x 10-
 54 5.02 x 10-










4.5    Fabrication of Transmitter 
Based on the AWR and CST software results, web-like hexagon shaped EM 
transmitter was decided on to be developed, to identify the patterns of electric and 
magnetic field by using a ferrite bar and magnetometer as a detector.  
 
This part discusses the development of transmitter as a prototype and is divided into 
two parts which are fabricating hexagon shaped transmitter and web like hexagon 
shaped transmitter. After simulation, we have concluded to fabricate the hexagon 
shape transmitter to identify its electromagnetic characteristics. 
4.5.1    Hexagon shape Transmitter 
The prototype of transmitter of the same length using copper wire (0.8mm diameter) 
and aluminum rod (100mm diameter) was constructed. Then, the EM transmission 
between aluminum rod and copper wire was compared using peak to peak voltage at 
the EM detector. We used a ferrite bar detector connected to an oscilloscope to 
determine the peak to peak voltage. A function generator was used to generate the 
source and was fixed at 5MHz frequency.Hexagon-shaped antennas made of 
aluminum rod and copper wire were studied. From Figure 49, it is observed that 
hexagon antenna made of copper wire has higher Vp-p (approximately 40mV).  
 
There is a decrease in the value of Vp-p with the increase of distance up to the 
distance of 150cm. The voltage however remained constant which is in accordance 
with Ampere’s Law [89]. Simulation results also indicated that longer transmitter 
gives higher radiation capability.  Figure 50 shows the Vp-p results from the hexagon 
antenna made of copper wire (different lengths) versus the distance. It is clear that a 
longer copper wire (60cm) gives better Vp-p. 
 
            YKU Kzq! =  n$coh     (41) 
 
  
Figure 49    : Comparison of copper wire and aluminum rod in hexagon shape 








4.5.2    Web like Hexagon shaped Transmitter 
This experiment is conducted after simulation parts in Chapter 3 and web-like 
hexagon shaped was chosen as a transmitter. Figure 51 shows schematic diagram of 
web-like hexagon shaped of EM transmitter for 20 turns. Prototype of web like 
hexagon shape EM transmitter has been develop for 5 and 20 turns (Figure 52-53) 
using copper wire (0.8mm) on the Perspex (1m2). Dipole of 3meter length (same with 
web-like 5 turns) was also constructed using copper wire to compare with the web-
like hexagon shaped EM transmitter of 5 turns. After that, we placed 1 magnetic 
feeder at 20 turns of web-like hexagon shape as shown in Figure 53. 
 
 
Figure 51    : Schematic Diagram for web like hexagon shape transmitter. 
 
  
Figure 52    : Web-like hexagon shape for 20 turns prototype















Fluxgate magnetometer from Bartington (Figure 54 (a) and (b)) was used as a detector 
to verify the pattern of magnetic field versus the distance. The transmitter was 
generated using function generator and the frequency for detector and transmitter 
were kept at 1 kHz. The frequency must be kept the same to ensure the fluxgate 












This experiment was conducted by varying the distance between transmitter and 
detector up to 3 metres (Figure 55). The detector was fixed and the transmitter was 
moving until 6m to measure the magnitude versus offset (MVO). Table 15 shows the 
parameters that must be fixed; voltage, frequency and also waveform to get a precise 
and constant result.  
 
 
Figure 55    : Experimental setup for transmitter and receiver. 
Table 15    : Properties of experiment for MVO. 
Parameter Value 
Voltage (V) 20 Vp-p 
Frequency (Hz) 1000 
Waveform  Square 
Transmitter Dipole, Web-like 5 turns, Web-like 20 turns 






From the results of CST simulation, web-like hexagon shape transmitter with 20 turns 
was fabricated and tested it to investigate the changes of E-field at every turn. For H-
field measurement, we have conducted the same experiment by using fluxgate 
magnetometer which shall detect it in unit Tesla. Figure 56 shows the H-field 
measured by fixing the fluxgate and moving the transmitter continuosly. The highest 





































4.6    Magnitude versus offset (MVO) with web-like 5 turns 
From the CST results, web-like 20 turns and 70 turns gave the highest electric fields. 
We scaled down the number of turns to 5 turns to investigate the electric field 
comparing with the dipole transmitter with the same length. MVO experiments were 
conducted with web-like 5 turns and dipole made of copper wire of 0.08cm in 
diameter and length of 3meter. Figure 57 shows the comparison between web-like 5 
turns and dipole for distance of 0m between transmitter and receiver. Web-like 5 turns 
give the highest magnetic field (186nT) at 3m because of waves from the transmitter 
and detector are propagating as the direct wave (line of sight). As the offset was 
increased to 1m, 2m, 4m, 5m and 6m the dipole transmitter gave the percentage of 
increased in H-field between 169.25% - 934.72% as compared to web-like 5 turns 
(refer Table 16).  
 
 
Figure 57    : Comparison between dipole EM transmitter and 5 turns hexagon shape 





























Table 16    : Percentage of increment between dipole and web-like 5 turns at 0m. 
Distance (m) Dipole (nT)  Web-like 5 turns 
(nT) 
% of increasing  
1 3.93 1.98 197.49 
2 14.90 1.44 934.72 
3 92.80 186.00 100.43 
4 3.50 1.30 169.25 
5 3.80 0.83 356.52 
6 4.20 1.11 278.38 
 
Figure 58 shows the pattern of MVO for dipole and web-like 5 turns. This pattern 
shows that web-like 5 turns gave 2 high peaks from 2.5 m to 3 m. It indicates the 
occurrence of constructive interference. Table 17 shows the percentage of increase of 
web-like 5 turns compared to dipole transmitter. Table 17 shows increased percentage 
of increment for web-like 5 turns at further offset. 
 
 
Figure 58    : Comparison between dipole EM transmitter and 5 turns hexagon shape 



























Table 17    : Percentage of increment between dipole and web-like 5 turns at 0.5m. 
Distance (m) Dipole (nT)  Web-like 5 turns (nT)  % of increasing  
1 1.09 4.03 269.72 
2 0.96 4.77 396.88 
3 9.91 19.80 99.80 
4 1.76 4.61 162.00 
5 1.61 3.75 132.90 
6 1.77 4.67 163.84 
 
 
Figure 59 shows the magnitude of H-fields as the distance is increased for both dipole 
and web-like 5 turns transmitter. It shows that web-like 5 turns transmitter gives 
higher magnetic field at far offsets. Table 18 gives the percentage of increase in H-
field from dipole and web-like 5 turns transmitters. The highest percentage occurs 
when web-like 5 turns transmitter was at the distance of 3m which is 287.35%.  
 
It is obvious that the web-like hexagon transmitter emitted much higher magnetic 
field (Figure 59) as compared to the dipole transmitter. Constructive interference can 
be seen. However the 2 peaks seem to be merging together and giving broad 




Figure 59    : Comparison between dipole EM transmitter and 5 turns hexagon shape 
transmitter at 1.0m. 
Table 18    : Percentage of increment between dipole and web-like 5 turns at 1.0m. 
Distance (m) Dipole (nT)  Web-like 5 turns 
(nT)  
% of increasing  
1  1.63 4.80 194.48 
2 1.62  3.65 125.31 
3 2.45  9.49 287.35 
4 1.43  4.01 180.42 
5 1.28  3.89 203.91  

































Distance between transmitter and receiver was increased to 1.5m to identify the 
pattern of magnetic field as showed in Figure 60. The dipole transmitter gives flat 
wave propagation as compared to web-like 5 turns. This is because the distance 
between transmitter and receiver is far and the dipole transmitter cannot concentrate 
to propagate wave as compared to web-like 5 turns. Web-like 5 turns have a high peak 
at offset distance of 3m which indicates the high concentration of electromagnetic 
wave is centred. Table 19 shows that the high percentage of increment is weblike-5 
turns at offset distance of 3m with 416.67%.  Web-like 5 turns also give the high 
percentage for further offset in the range 49 % to 183.89%. 
 
 
Figure 60    : Comparison between dipole EM transmitter and 5 turns hexagon shape 































Table 19    : Percentage of increment between dipole and web-like 5 turns at 1.5m. 
Distance (m) Dipole (nT)  Web-like 5 turns 
(nT)  
% of increasing  
1 1.32 3.13 49.00 
2 1.31 3.23 146.56 
3 1.20 6.20 416.67 
4 1.75 3.40 94.29 
5 1.30 3.46 166.15 
6 1.49 4.23 183.89 
 
In the next step, receiver was fixed at 2.0m and transmitter was moved from 0 to 6 
meter. Figure 61 gives the pattern of MVO for dipole and web-like 5 turns 
transmitters. This pattern shows that web-like 5 turns gave a high peak from 2.5 m to 
3 m as compared to dipole which has flat wave for magnetic field. Table 20 shows the 
percentage of increased of web-like 5 turns compared to dipole transmitter. Table 20 
shows that the highest percentage of increment for web-like 5 turns at offset of 4m 
with 350.51%. 
 
Figure 61    : Comparison between dipole EM transmitter and 5 turns hexagon shape 




























Table 20    : Percentage of increment between dipole and web-like 5 turns at 2.0m. 
Distance (m) Dipole (nT)  Web-like 5 turns 
(nT)  
% of increasing  
1 0.99 3.52 255.56 
2 1.63 3.84 135.58 
3 1.89 3.87 104.76 
4 0.99 4.46 350.51 
5 1.24 3.57 187.90 
6 1.17 3.92 235.04 
 
Figure 62 shows that the comparison between dipole and web-like 5 turns at 2.5m 
between transmitter and receiver. From this figure, it shows that web-like 5 turns 
gives high magnetic field either at further offset. This figure also shows that web-like 
5 turns was narrower compare to dipole transmitter at for offset. Table 21 gives the 
percentage of increased between dipole and web-like 5 turns transmitter. The highest 
percentage of increment was web-like 5 turns at offset of 1m with 287.35 %. Figure 
62 presents the MVO of the two transmitters. It is clear that the web-like hexagon 






Figure 62    : Comparison between dipole EM transmitter and 5 turns hexagon shape 
transmitter at 2.5m. 
Table 21    : Percentage of increment between dipole and weblike 5 turns at 2.5m. 
Distance (m) Dipole (nT)  Weblike 5 turns 
(nT)  
% of increasing  
1 0.78 3.69 373.08 
2 0.69 3.34 384.06 
3 1.36 3.84 182.35 
4 1.26 3.32 163.49 
5 1.37 3.66 167.15 
































Finally, distance between transmitter and receiver was kept at 3.0m as shows in 
Figure 63.  From this figure, both transmitters give the flat wave propagation of 
magnetic field. However, web-like 5 turns transmitter still gives high MVO at further 
offset. The highest percentage of increment is web-like 5 turns at offset of 3m with 
318.89%. Web-like 5 turns transmitter also gives high percentage for further offsets in 
the range 143.17 % until 262.50% compared to the dipole transmitter as shown in 
Table 22. 
 
This part discusses the MVO of the transmitters when the distance of the transmitter is 
fixed to 3.0meter with respect to the receivers. It is obvious that the web like hexagon 




Figure 63    : Comparison between dipole EM transmitter and 5 turns hexagon shape 




























Table 22    : Percentage of increment between dipole and web-like 5 turns at 3.0m 
Distance (m) Dipole (nT)  Web-like 5 turns 
(nT)  
% of increasing  
1 1.10 3.32 201.82 
2 1.14 3.84 236.84 
3 0.90 3.77 318.89 
4 0.98 3.47 254.08 
5 0.96 3.48 262.50 
6 1.39 3.38 143.17 
 
This experiment is essential as it can be concluded from the survey; the transmitter is 
best position at less than 1.5m from the receiver as shown in Figure 64. 
 
 
Figure 64    : Summary of MVO result at distance 3m(offset) between dipole and 


































4.6.1    Comparison of connection for twin web-like 5 turns 
This experiment was conducted with the intention to evaluate the different MVO 
results between series and parallel connections for a twin web-like hexagon shape 
transmitter with 5 turns. Figure 65 shows the comparison between parallel and series 
connection for twin web-like 5 turns at 0m. Both connections give constructive 
interference patterns because of the characteristics of twin web-like 5 turns 
transmitters. Parallel connection gives high peak at further offset at 2m with 33.78% 
as shown in Figure 65 and Table 23. 
 
 



































Table 23    : Percentage of increment between parallel and series connection at 0m. 
Distance (m) Parallel (nT)  Series (nT)  % of increasing  
1 63.80 54.20 17.71 
2 80.40 60.10 33.78 
3 1620.00 1460.00 10.96 
4 67.80 64.30 5.44 
5 63.50 63.10 0.63 
6 64.20 63.20 1.58 
 
Figure 66, represents both connections that show the constructive interference from 
2.5m to 3.5 m. The highest percentage of increment for magnetic field is for parallel 
connection with 222.92 %.  For offsets at 1m, 2m, 4m, 5m and 6m, parallel 
connection also gives high percentage in the range of 0.82% to 34.78% compared to 
series connection as shows in Table 24. 
 






























Table 24    : Percentage of increment between parallel and series connection at 0.5m. 
Distance (m) Parallel (nT)  Series (nT)  % of increasing  
1 62.80 61.10 2.78 
2 79.80 59.20 34.79 
3 465.00 144.00 222.92 
4 61.60 61.10 0.82 
5 64.00 60.90 5.09 
6 61.60 60.00 2.67 
 
The receiver was fixed at 1.0m and the transmitter was moved from 0 to 6m to 
investigate the best connection for MVO. Figure 67 shows parallel connection has 
high magnetic field as compared to series connection. Furthermore, both of these 
connections still have two peaks that indicate constructive interference. Table 25 
shows the percentage of increased between parallel and series connections. Table 25 
indicates that the highest percentage of increment for parallel connected is at offset of 




Figure 67    : Comparison between parallel and series connection at 1.0m. 
Table 25    : Percentage of increment between parallel and series connection at 1.0m. 
Distance (m) Parallel (nT)  Series (nT)  % of increasing  
1 62.20 58.60 6.14 
2 77.30 65.30 18.37 
3 67.70 65.50 3.36 
4 70.10 61.20 14.54 
5 61.50 61.10 0.65 
6 61.70 57.50 7.30 
 
By varying the distance between transmitter and receiver to 1.5m, the MVO for 
parallel and series connection become combined to each other as shown in Figure 
68.At the same time, two peaks that indicate constructive interference is observed in 
this figure. However, parallel connection has high percentage of increment for all 
distances in range of 0.33% until 7.04% compared to series connection. All the 




























Figure 68    : Comparison between parallel and series connection at 1.5m. 
Table 26    : Percentage of increment between parallel and series connection at 1.5m. 
Distance (m) Parallel (nT)  Series (nT)  % of increasing  
1 60.70 58.40 3.94 
2 61.30 61.10 0.33 
3 64.10 60.50 5.95 
4 62.30 58.20 7.04 
5 61.00 58.30 4.63 




Figures 69, 70 and 71, Table 27, 28 and 29 shows that both series and parallel 
connections are not able to emit good magnetic response when transmitter-receiver 































Figure 69    : Comparison between parallel and series connection at 2.0m. 
 

























































Figure 71    :  Comparison between parallel and series connection at 3.0m. 
Table 27    : Percentage of increment between parallel and series connection at 2.0m. 
Distance (m) Parallel (nT)  Series (nT)  % of increasing  
1 63.00 59.60 5.70 
2 59.30 58.40 1.54 
3 60.60 59.10 2.54 
4 61.90 61.40 0.81 
5 60.00 59.20 1.35 
6 62.10 58.80 5.61 
Table 28    : Percentage of increment between parallel and series connection at 2.5m. 
Distance (m) Parallel (nT)  Series (nT)  % of increasing  
1 60.40 59.60 1.34 
2 60.80 59.60 2.01 
3 60.50 60.40 0.17 































5 60.90 59.20 2.87 
6 60.10 59.40 1.18 
 
Table 29    : Percentage of increment between parallel and series connection at 3.0m. 
Distance (m) Parallel (nT)  Series (nT)  % of increasing  
1 63.70 61.50 3.58 
2 60.40 58.90 2.55 
3 61.30 58.10 5.51 
4 60.40 58.10 3.96 
5 62.40 61.20 1.96 





Percentage of increment for parallel and series connection at distance 2.0m, 2.5m and 
3.0m between transmitter and receiver are shown in Table 27, 28 and 29. From these 
tables, percentage of increment is in range of 0.17 % to 5.70% for parallel connection 
as compared to series connection. As a conclusion from these experiments, parallel 
connection give the higher percentage of increment in magnetic field. Figure 72 











4.7    Validation of web-like 20 turns with magnetic feeder 
This experiment was conducted with web-like hexagon shaped 20 turns transmitter 
corresponding to the CST result. Ni0.8Zn0.2Fe2O4  at 1200 0C as a magnetic feeder was 
put at the 20 turns to identify the enhancement of magnetic field. Figure 73 and Table 
































Figure 73    : Comparison between with and without magnetic feeder at 0m. 
Table 30    : Percentage of increment between with and without magnetic feeder at 
0m. 
Distance (m) Without magnetic 
feeder (nT)  
With magnetic 
feeder  (nT)  
% of increasing  
1 4.75 12.70 167.37 
2 7.49 43.30 478.10 
3 2070.00 10300.00 397.58 
4 7.16 95.10 1228.21 
5 2.80 6.64 137.14 






























Figure 74    : Comparison between with and without magnetic feeder at 0.5m. 
By varying the distance between transmitter and receiver to 0.5m and 1.0m, magnetic 
response were increasing drastically by putting only 1 magnetic feeder in the web-like 
hexagon shaped transmitter. 
Table 31    : Percentage of increment between with and without magnetic feeder at 
0.5m. 
Distance (m) Without magnetic 
feeder (nT)  
With magnetic 
feeder  (nT)  
% of increasing  
1 4.13 11 166.34 
2 4.57 23.2 407.66 
3 172 728 324.42 
4 3.85 1.63 323.38 
5 2.53 6.46 156.52 

































Figure 75    : Comparison between with and without magnetic feeder at 1.0m. 
Table 31 and 32 shows the percentage increment of magnetic response with and 
without magnetic feeder. For further offset, the value of magnetic response with 
magnetic feeder shows percentage of increment between 94.76% to 407.66% as 
compared to without magnetic feeder. At the offset of 3m, the magnetic feeder at 20 
turns gives higher percentage of magnetic response which is between 324.42% to 






































Table 32    : Percentage of increment between with and without magnetic feeder at 
1.0m 
Distance (m) Without magnetic 
feeder (nT)  
With magnetic feeder  
(nT)  
% of increasing  
1 3.04 6.48 113.17 
2 2.42 6.60 172.73 
3 28.60 168.00 487.41 
4 2.67 6.73 152.06 
5 2.39 4.87 103.77 




































Figure 76, represents both connections for with and without magnetic feeder that 
show the constructive interference from 2m to 3m. It is obvious that the web like 
hexagon shape transmitter with magnetic feeder emitted much higher magnetic fields 
as compared to the web like hexagon shaped transmitter without magnetic feeder. 
Constructive and destructive interference can be seen clearly at this figure. 
 
The lowest peak for both of these connections is at 2.5m. However, the highest 
percentage of increment for magnetic field is for with magnetic feeder with 310.45 % 
at 4m.  Offsets at 3m gives the lowest percentage with 92.58% because of destructive 
interference was occurred. 
Table 33    : Percentage of increment between with and without magnetic feeder at 
1.5m. 
Distance (m) Without magnetic 
feeder (nT)  
With magnetic 
feeder  (nT)  
% of increasing  
1 3.05 7.77 154.75 
2 4.69 13.90 196.38 
3 4.18 8.05 92.58 
4 2.68 11.00 310.45 
5 2.53 5.69 124.90 











Figure 77 shows the magnitude of H-fields as the distance is increased for with and 
without magnetic feeder. It shows that with magnetic feeder gives higher magnetic 
field at far offsets. Table 34 gives the percentage of increase in H-field for with and 
without transmitter. The highest percentage occurs when web like hexagon shaped 
transmitter with magnetic feeder at distance of 4m which is 310.45%. 
 
 
Figure 77    : Comparison between with and without magnetic feeder at 2.0m. 
Table 34    : Percentage of increment between with and without magnetic feeder at 
2.0m. 
Distance (m) Without magnetic 
feeder (nT)  
With magnetic feeder  
(nT)  
% of increasing  
1 3.05 7.77 154.75 
2 4.69 13.90 196.38 
3 4.18 8.05 92.58 
4 2.68 11.00 310.45 
5 2.53 5.69 124.90 

































Distance between transmitter and receiver was increased to 2.5m to identify the 
pattern of magnetic field as shown in Figure 78. This pattern shows that web like 
hexagon shaped transmitter with magnetic feeder gives two higher peak between 2m 
to 3.5 m compared to web like hexagon shaped transmitter without magnetic feeder 
which looks like has a flat wave propagation foe magnetic field. 
 
 
Figure 78    : Comparison between with and without magnetic feeder at 2.5m. 
Table 35 shows the percentage of increased foe web like hexagon shaped transmitter 
with and without magnetic feeder. The highest percentage for this table is web like 
hexagon shaped transmitter with magnetic feeder at offset of 4m with 408.93%. For 
others offset at 1m, 2m, 3m, 5m and 6m, percentage increment is in between 79.37% 
until 242.22% for web like hexagon shaped transmitter with magnetic feeder 


































Table 35    : Percentage of increment between with and without magnetic feeder at 
2.5m. 
Distance (m) Without magnetic 
feeder (nT)  
With magnetic 
feeder  (nT)  
% of increasing  
1 3.73 8.05 115.82 
2 4.18 13.50 222.97 
3 1.80 6.16 242.22 
4 2.24 11.40 408.93 
5 3.15 5.65 79.37 
6 2.35 5.76 145.11 
 
Finally, distance between transmitter and receiver was kept at 3.0m as shown in 
Figure 79. From this figure, web like hexagon shaped transmitter was shown clearly 2 
peaks of constructive interference even the distance between transmitter and receiver 
at 3m. However, for the web like hexagon shaped transmitter without magnetic feeder 
shows the flat wave propagation if compared with magnetic feeder. This is because 
the distance between transmitter and receiver is far and cannot emit the power of H-
field. It is obvious that the web like hexagon shape transmitter gives the better 
response in terms of propagation and constructive interference was shown clearly as 




Figure 79    : Comparison between with and without magnetic feeder at 3.0m. 
Table 36 shows the percentage of increased between web like hexagon shaped 
transmitter with and without transmitter. Table 36 indicates that the highest 
percentage of increment for web like hexagon shaped transmitter with magnetic 
feeder is at offset 2m with 317.85%. 
Table 36    : Percentage of increment between with and without magnetic feeder at 
3.0m. 
Distance (m) Without magnetic 
feeder (nT)  
With magnetic 
feeder  (nT)  
% of increasing  
1 3.03 5.77 90.43 
2 1.91 8 318.85 
3 2.64 5.83 120.83 
4 2.12 4.91 131.6 
5 2.26 4.72 108.85 































Figure 80 shows the summary and conclusion for these 
best position at less than 1m from receiver to get the maximum strength of H
We can conclude that the role of the Ni
able to enhance the magnetic field of the web
obvious that an increase in the magnitude of the magnetic field can be observed.
 
Figure 80    : Summary of MVO results at distance 3m (offset) between web 
like hexagon shaped transmitter with and without magnetic feeder.
4.8    Conclusion 
Hexagon shape is the best design in terms of radiation power with 579.86% compared 
to the dipole transmitter by using Applied Wave Research (AWR) software. From 
Computer Simulation Technology (CST) software, web like hexagon shape with 20 
turns shows the 215.85% increasing of electric field compared to 5 turns. 
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using self combustion technique. The samples were then sintered at 800 0C, 900 0C 
and 1200 0C for 4 hours respectively. All sintered samples exhibited single phase 
Ni0.8Zn0.2Fe2O4 that was confirmed by the [311] plane as the major plane as revealed 
by XRD results. The calculated average crystallites sizes for these three samples were 
in the range of 20 – 50 nm determined using Scherer equations. Finally, magnetic 
field of web like hexagon shaped transmitter had increased by 1228.21 % at further 














5.1    Conclusion 
From the AWR software, the best design for the antenna is hexagon shaped with 
480cm of each design and gave the highest radiation power with 579.86% compared 
to the dipole transmitter. By using CST software, ring transmitter or loop transmitter 
gives the highest percentage compare to dipole transmitter with 91.4% increase for E-
field and 36.3% increase for H-field respectively. Web like hexagon shaped is the best 
design for the transmitter which gives the highest E-field is on 20 turns with 215.85 % 
increasing compared to 5 turns and low resistivity compared to the 70 turns. 
 
In nanotechnology parts, XRD patterns showed a major peak of [311] plane of the 
spinel cubic structure for Ni0.8Zn0.2Fe2O4 samples. The average crystallites sizes are in 
the range of 20 - 50 nm by employing Scherer equations. Raman Spectra patterns had 
shown two major peaks located in the range of 400 - 700 cm-1. From TEM 
morphologies, dimension of d-spacing are 2 nm and we get the cubic shape of 
Ni0.8Zn0.2Fe2O4.  Ni0.8Zn0.2Fe2O4 powder at 1200 0C give 1030.97 which is the highest 
initial permeability compared to the others sample. All samples after sintered have 
lowest RLF at lower frequency (Hz) which may due to the higher hysteresis loss 
arising from their porous structures. As a conclusion, Ni0.8Zn0.2Fe2O4 nanoparticles 
synthesized at 1200 0C as the best material for magnetic properties which are 12 % 
increasing for initial permeability, 37% increasing for Q-factor and 154% decreasing 
for RLF compared to other samples which were synthesized at 800 0C.It can be used 





 For fabrication, we concluded that a copper wire hexagon shaped is the best 
transmitter. Magnetic field of web-like hexagon shaped transmitter have increase by 
1228.21% at further offset by placing Ni0.8Zn0.2Fe2O4 as a magnetic feeder for 20 
turns. Finally, by putting Ni0.8Zn0.2Fe2O4 as a magnetic feeder we can enhance the EM 
power of web-like hexagon shaped transmitter. 
5.2    Major Findings 
1) Design a web-like hexagon shape transmitter at 20 turns. 
2) Single phase Ni0.8Zn0.2Fe2O4 nanoparticles prepared by self combustion 
methods at [311] planes as a good magnetic feeder. 
3) Magnitude versus offset (MVO) was able to proof the constructive 
interference. 
5.3    Publications / Journals / Papers 
1) N.A.Ahmad, N.Yahya, M.H.Zakariah, P.Puspitasari, “Development of a 
Powerful EM Transmitter”, AIP Conference Proceeding 1136, pp.406-413, 
2009. 
2) P.Puspitasari, N.Yahya, N.A.Ahmad, “Comparison of Mechanical and 
Magnetic Properties of Mn0.8Zn0.2Fe2O4 Synthesis By Conventional Ball 
Milling And Self Combustion Methods”, International Journal of Applied 
Sciences, 2010 
3) N.A.Ahmad, N.Yahya, H.Daud, P.Puspitasari, S.M.S.N.Shikh Zahari, 
“Synthesis and Characterization of Ni0.8Zn0.2Fe2O4 Nanoparticles By Self 
Combustion Technique”, Proceeding of RAMM & ASMP 2009. 
4) N.A.Ahmad, N.Yahya, H.Daud, “Development of a Powerful Web like 
Hexagon Shaped Electromagnetic (EM) Transmitter for Shallow Water 
Hydrocarbon Exploration”, Proceeding of SEIT 2009. 
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5) N.Yahya, H.Daud, N.I.B.Zainal Abidin, N.A.Ahmad, “Development of a 
Powerful Twin Dipole Antenna for Hydrocarbon Exploration”, Proceeding of 
SEIT 2009. 
6) M.H.Zakariah, N.Yahya, N.A.Ahmad, “Development of a Ferrite Based 
Electromagnetic Wave Detector”, Proceeding of SET 2008. 
7) P.Puspitasari, N.Yahya, N.A.M.Zabidin, S.M.S.N.Shikh Zahari, N.A.Ahmad, 
“Synthesis and Characterization of Zinc Oxide Nanoparticles by Self 
Combustion Technique”, Proceeding of RAMM & ASMP 2009. 
8) P.Puspitasari, N.Yahya, N.A.M.Zabidi, S.M.S.N. Shikh Zahari, N.A.Ahmad, 
“Synthesis of Zinc Oxide Nanoparticles By Self Combustion Technique”, 
Proceeding of Nano Sci-Tech 2008. 
5.4    Recommendations 
Following are the recommendation for future work: 
1) Choose other materials to replace copper wire such as CNT for web like 
hexagon shape transmitter.  
2) Use scale model to do experiment with transmitter and detector and how far it 
can be detected. 
3) Study the difference of replacing the wire for every turns to see the maximum 
of constructive interference. 
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 2-Theta ° 
2-Theta 
° Cps Cps 
2-Theta 
° Angstrom 
Ni0.8Zn0.2 Fe2 O4 






Mid. I. Breadth 
Gravity 
C. d (Gravity C.) 
Cps Cps 2-Theta ° 2-Theta ° 2-Theta ° 2-Theta ° Angstrom 
120 118 0.333 35.887 0.364 35.891 2.50009 
 









Name Formula Y-Scale d x by Wavelength 
52-0277 (N) 
Nickel Zinc 
Iron Oxide Ni0.75Zn0.25Fe2O4 50 1 1.5406 
 
System a b c alpha beta gamma 
Cubic 8.3696 8.3696 8.3696 90 90 90 
 
Bravais L. Space Group Z Volume 
Face-





















 2-Theta ° 
2-Theta 
° Cps Cps 
2-Theta 
° Angstrom 






Mid. I. Breadth 
Gravity 
C. d (Gravity C.) 
Cps Cps 2-Theta ° 2-Theta ° 2-Theta ° 2-Theta ° Angstrom 
125 120 0.223 35.86 0.265 35.857 2.50237 
 







SS-NNNN Compound Name Formula 
Y-
Scale d x by Wavelength 
47-0023 
(*) 
Iron Nickel Zinc 
Neodymium Oxide 
Ni0.40Zn0.60Fe1.998 
Nd0.002O4+x 50 1 1.5406 
 
System a b c alpha beta gamma 




Group Z Volume 

























 2-Theta ° 
2-Theta 
° Cps Cps 
2-Theta 
° Angstrom 






Mid. I. Breadth 
Gravity 
C. d (Gravity C.) 
Cps Cps 2-Theta ° 2-Theta ° 2-Theta ° 2-Theta ° Angstrom 
148 146 0.174 35.878 0.237 35.856 2.50241 
 













(I) Nickel Zinc Iron Oxide Ni0.25Zn0.75Fe2O4 50 1 1.5406 
 
System a b c alpha beta gamma 
Cubic 8.4182 8.4182 8.4182 90 90 90 
 
Bravais L. Space Group Z Volume 











































D TOROID (PART D) 
 
